Background: Pyeloplasty for ureteropelvic junction obstruction correction is a common procedure, but the optimal method for protective diversion after pyeloplasty is still a matter of debate. Objectives: Here, we present our clinical trial experience using a single percutaneous externalized nephroureteral (NU) 5-Fr catheter (infant feeding tube) with multiple side holes as the sole instrument of drainage to provide a protective mechanism.
Background
Anastomotic leakage and protective urinary diversion in pediatric pyeloplasty continue to be a controversial issue among pediatric urologists (1, 2) . Some surgeons prefer a tubeless repair, while others use some varied combination of instruments, including an internal ureteral stent, nephrostomy tube, or a nephron-ureteral stent (1) along with a perinephric drain and/or urethral bladder catheter (3, 4) .
The pediatric literature reports a complication rate of 12% for the stented group and 14% for the un-stented group (4).
Objectives
In this article, we attempt to demonstrate that a single percutaneous externalized nephroureteral (NU) 5-Fr catheter as the sole instrument of drainage provides sufficient protective measure in pediatric pyeloplasty and also prevents leakage.
Materials and Methods
In a prospective clinical trial study, we performed 148 open pyeloplasties on 142 infants and children at the Bahrami Pediatric Hospital (Tehran University of Medical Sciences) over a seven-year period from 2005 -2012 . All cases in this study involved primary repair, although some were recurrent cases, and others had malrotated and/or horseshoe kidneys. We excluded patients with a single kidney (three cases) and some difficult recurrent cases (seven cases) from our study population. The exclusion was intended to provide more protective measures to prevent leakage and its consequences. In these excluded cases, we Copyright placed a perinephric Penrose drain in addition to an NU catheter.
All patients underwent preoperative renal ultrasound, nuclear diuretic renography (DTPA), and a DMSA renal scan with the measurement of differential renal function (DRF) and VCUG. The degree of hydronephrosis in our patients was classified in accordance with the society of fetal urology (USA) scheme. All parents were informed about the operative procedure prior to surgery.
Open pyeloplasty was performed via a 2.5 -3.5 cm transverse posterior lumbotomy incision using a modified Anderson-Hynes technique. The modification involved the creation of a triangular flap from the lowest portion of the renal pelvis for performing an anastomosis to the laterally spatulated healthy proximal ureter with a length of 15 -18 mm. The abnormal stenotic segment of the ureter was then removed. Here, our intention was to create a funnel-shaped ureteropelvic junction (UPJ). We then made multiple side holes 10 mm apart in the 6 -7 cm terminal portion of the 5-Fr catheter. The posterior layer of the pelvis flap was anastomosed to the spatulated ureter in the first step using 6 -0 polyglactin sutures in a separate fashion. The catheter was then pulled through from the 2-mm skin stab wound with a right angle clamp into the Gerota fascia. The fine right angle clamp was placed into a lower calyx and then passed out through the parenchyma to grasp the catheter and pull it through into the pelvis. Then the catheter was sutured to the renal capsule with 4 -0 chromic in a purse-string fashion to prevent postoperative dislodgement, and the catheter was placed across the anastomosis and down to the mid ureter. We emphasize the proper and careful placement of this catheter to ensure that at least two holes stay within the pelvis to allow the largest volume of urine to drain externally as well as the easy passage of urine down to the ureter. The repair was completed with the suturing of the anterior layer. The catheter was further secured to the skin at two points with nylon sutures, looped under the dressing, and then set to gravity drainage (Figure 1) .
Postoperatively, the catheter was flushed every two hours with 2 mL of normal saline for 48 hours in the hospital in order to prevent blockage by blood clots. In addition, parenteral antibiotic therapy was administered for 48 hours. All patients were discharged two days postoperatively and were instructed to uncap the catheter and leave it to drain for 10 days at home under closed and sterile conditions. At the time of discharge from the hospital, 3 mg/kg trimethoprim-sulfamethoxazole was administered as a prophylactic agent for children and 10 mg/kg cephalosporin for infants and then continued for six weeks in each case.
A contrast study was performed 12 days postopera- tively, and the radiographic appearance was recorded. If no leak were identified, the catheter was removed in the clinic, which was the case for all patients. We routinely sampled the urine from both the catheter and the urethra for analysis and culture before the contrast study. Any complications that arose, such as poor catheter functioning, premature catheter dislodgement, urinary tract infection, blockage, and leakage around the catheter, were recorded.
Ethics
The study was approved by the research committee of the hospital affiliated with the Tehran University of Medical Sciences. It was also evaluated by an internal committee of pediatric surgeons.
Results
We performed 148 open pyeloplasties on 142 infants and children, including 6 with bilateral UPJ obstruction (UPJO) and 10 recurrent cases. Our study included 122 boys and 20 girls between the ages of 2 months and 11 years, and 76% of these patients were less than three years of 2
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age. We found that 118 (83%) of our patients had grade-4 hydronephrosis, while 24 (17%) were diagnosed with grade-3 hydronephrosis. In almost all of the patients, t 1/2 was more than 20 minutes and varied between 20 and 38 minutes. The DRF in DMSA renal scanning ranged from 35% -40%. Table 1 shows the characteristics of the patients. 
Number of associated VURs 18
Number of UVJOs 5
% Pelvic reduction 48 (68 patients)
Number of crossing vessels 8
% Presentation

Prenatal diagnosis 64
Febrile UTI 7
Pain 16
Hematuria or trauma 4
Incidental diagnosis or mass 9 Reduction pyeloplasty was performed in 68 patients (48%). We encountered no significant difficulties during the intraoperative placement of this externalized NU 5-Fr catheter. No excessive bleeding occurred while passing the catheter through the renal parenchyma. Unintentional removal of the catheter did not occur in any of the patients when the catheter was in place and the patient was resting at home. In addition, no blockage or dislodgement of the catheter was noted.
A contrast study conducted through the catheter did not reveal any leakage across the repair 12 days postoperatively. Through this study, we were able to examine the whole length of the ureter all the way through to the bladder (Figure 2 ).
The catheter was removed on the day of the contrast study without requiring further anesthesia during an office visit. We did not encounter a symptomatic and/or febrile UTI during the 12 days while the catheter was still in place. The parents did not report encountering any difficulties at home, even with small children. The contrast study administered through a catheter in 148 pyeloplasty procedures identified 5 cases of UVJO, which were then individually and appropriately treated.
In this study, symptomatic UTI and transient obstructive symptoms occurred in about 10% of participants (15 cases) after stent removal during the following 1 -3 days. This was the only significant complication in our study, and it was managed medically without any invasive procedures. All patients under 3 years of age were admitted to the hospital and were treated with intravenous antibiotics and hydration. Older patients were managed as outpatients. Patients who developed febrile UTI after the stent removal had no unique findings during the postoperative contrast study. In all of these patients, symptoms of febrile UTI and transient obstructive symptoms subsided after 2 -3 days, and all except two remained unobstructed on long-term follow-up. A renal ultrasound scan was obtained six weeks after the pyeloplasty to ensure that the hydronephrosis (pyelocaliectasis) was improving. The diuretic renal scintigraphy (DRS) and DMSA scanning for measurement of the DRF was performed six months after the operation to provide a relative assessment of the overall renal function and washout time.
Improvement in the t 1/2 after pyeloplasty varied greatly. In some patients, the t 1/2 returned to the non-obstructed range in the first six months postoperatively. In others, this outcome took much longer. In many cases, the t 1/2 remained in the equivocal range for at least six months. Of course, the renal function remained stable during this interval, and there was no need for concern. A nuclear study conducted one year postoperatively revealed normalization of t 1/2 in 146 pyeloplasties (8 -13 minutes). Long-term imaging at three years was obtained to look for the delayed cicatrization and re-stenosis of the UPJ. Success was defined as improvement in hydronephrosis and stabilization or improvement in DRF function on DMSA renal scanning along with the normalization of the washout time on the DTPA diuretic renal scan (DRS).
In two patients (one bilateral, the other with unilateral UPJO associated with a giant abdominal mass and seizure disorder), cutaneous pyelostomy was performed as a primary procedure. The first pyeloplasty was performed six months later; after catheter removal, UTI occurred within two days, took a longer amount of time to resolve, and was managed only with considerable difficulty. In the follow-up evaluation, both patients demonstrated We then performed repeat pyeloplasty in both cases. Intraoperatively, the UPJ seemed to be patent but was associated with a large, thick-walled pelvis. We assumed that in these two patients, the post-stent removal UTI had led to scarring of the anastomosis, although the large, thick-walled pelvis could have interfered with the washout across the anastomosis.
Discussion
The success rate of open pyeloplasty reported in the published pediatric literature is well in excess of 95% (5). The original description of dismembered pyeloplasty advocates for non-stented repair, but as techniques have improved and as more postoperative complications were reported, drainage with stents and nephrostomy tubes have been used more liberally. However, postoperative drainage has not been uniformly reported in many published articles (6). Some authors have recommended a nephrostomy tube either with or without a stent to divert the urine and to keep the anastomosis dry (1). There is general agreement that the upper urinary tract should be drained after pyeloplasty in high-risk patients, such as those with poor renal function, extreme pyelocaliectasis, a single kidney, an inflamed renal pelvis, or a revision pyeloplasty (7) . Different types of externalized and/or internal stents have been described (8) . In addition, perinephric drains and urinary bladder catheters are used in a considerable number of cases.
The three most common reasons to use a stent and a nephrostomy tube are to ensure urinary diversion, to retain the ureteral caliber, and to maintain anastomotic patency and alignment. The main objective of draining the pelvis after pyeloplasty is to prevent urine leakage through the anastomosis. In addition, postoperative edema and undesirable kinking at the anastomosis site may cause ureteral occlusion that could lead to immediate and prolonged complications and hospitalization. These complications are worrisome to the surgeon as well as to parents (1, 9) ; stenting prevents these complications.
As reported in the literature, urologic complications may occur in both stented and non-stented patients, although they are slightly more frequent in non-stented groups (14% vs. 12%, respectively) (4, 10-12).
The NU catheter used in this study allows for maximal drainage of the pelvis, preventing any hydronephrosis secondary to edema of the anastomosis and also any early trans-anastomotic leakage and subsequent perianastomotic scarring. This NU catheter also provides for 4
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better alignment of the renal pelvis and ureter and facilitates external access to visualize the reconstructed area radiologically. This catheter remains in the renal collecting system for only 12 days postoperatively, whereas according to the published literature, routine operations involve a combination of devices, including a nephrostomy tube and a double pigtail ureteral stent, while a Penrose drain Foley catheter is used as a protective mechanism for 14 days, 2 -6 weeks, 7 -10 days, and 24 -48 hours, respectively (13) . DJ stenting may be difficult or impossible in infants because of the small size of the UVJ (14) . In contrast, the NU catheter diverts the upper tract only and does not cross the UVJ.
The only notable complication in our series was the occurrence of UTI in 15 of our 142 patients (148 pyeloplasties). In our opinion, the signs and symptoms of UTI and transient obstructive symptoms after removal of the stent may indicate anastomotic edema and malfunction, which can take several weeks to resolve, or as a complication of a foreign body (NU catheter) in the urinary tract (debris). We believe that the existence of debris in the stented urinary tract and its associated transient obstructive effects in the ureter may play a role in this complication. In most of these cases, we found that the urine samples obtained through the external catheter before its removal usually contained a number of white blood cells, red blood cells, and bacteria. Although the fever and positive urine culture seen in patients with DJ can be due to reflux (14) , we have been unable to determine why some patients develop UTIs after catheter removal while others do not. More work is needed in this area to prevent UTIs and identify their causes.
Two of the most important concerns of an externalized drainage tube are its poor functioning and dislodgement before its intended removal. When this technique was implemented in our clinical trial, we did not observe any premature dislodgment or unintentional removal. As previously mentioned, this catheter was the sole method of drainage in our patients. We emphasize proper placement and securing of the catheter intraoperatively with the aim of keeping it in a fixed position within the renal pelvis for the desired length of time.
Many reports in the literature indicate that external drainage techniques are unequivocally associated with longer hospital stays. In our study, all patients were discharged 48 hours postoperatively. However, in a comparative study, although there was a longer stay for patients with a nephrostomy tube, it had lower overall costs (14) . The 48-hour hospital stay was intended to provide acute care management, primarily due to the need for intravenous hydration, antibiotic therapy, parenteral pain control, flushing of the catheter to prevent blockage, and educating parents in caring for the external drainage catheter.
Another problem is the inconvenience of having an external drainage device for the child and his or her parents. Of course, the problem is varied in different cultural and social environments. In the opinion of some authors with whom we have had personal communication, performing a contrast study through the tube that crosses the UPJ is not very useful in demonstrating leaks in the suture line, nor does it demonstrate patency of the anastomosis that is being stented by the tube. However, this procedure can actually show distal patency.
One other drawback to an externalized ureteral stent as reported in the literature is the increased risk of UTI (as seen in 15 of our patients), a prolonged hospital stay, and restricted mobility of the patient postoperatively (12) . The creation of local ischemia, pressure necrosis, and subsequent stricture formation, particularly in the small caliber ureters, has also been attributed to the presence of a ureteral stent (12) . We did not experience these complications in any of our patients.
One clear and main limitation of this study is the lack of a comparative control group. Although a historical control group is not sufficient, in the past we would have applied some additional measures to better ensure appropriate drainage, including a nephrostomy tube in addition to the ureteral stent, perinephric drains, and a Foley catheter. With experience, we decided that a single NU 5-Fr catheter as the sole method of drainage without any additional catheter or drain usually addresses the required protection for pyeloplasty. Therefore, we set up this descriptive case series using only a NU 5-Fr catheter for the pyeloplasty.
This method has not been widely used and also carries the message that in children, a single 5-Fr catheter is sufficient for the prevention of postoperative leakage. There is no fear of dislodgement and migration or mechanical irritation of the bladder trigone, which are often seen with DJ catheters. While these conditions might also occur with NU catheters that have been used for quite some time, they are often associated with the concurrent use of some other protective measures, such as a Foley catheter or perinephric drain.
In pediatric pyeloplasty for the correction of congenital UPJO, radiologic exploration of the distal ureter is critical. Many centers employ preoperative cystoscopy and retrograde ureterography. In our patients, we performed this task with antegrade contrast study through the catheter and found five cases of UVJO. We treated this second anomaly individually.
Conclusions
The use of a percutaneous externalized 5-Fr NU (feeding tube) with multiple side holes as the sole instrument for diversion after open pyeloplasty was sufficient to prevent anastomotic leakage. Patent anastomosis was achieved in 98.7% of the cases according to long-term follow-up, and there were only a few notable complications. The catheter was well tolerated and offered the combined advantages of a nephrostomy tube and an internal stent and also allowed for radiologic study of the anastomosis and the distal ureter while obviating the need for a second anesthetic for its removal. Therefore, it can be a good option during pyeloplasty, especially in developing countries with low economies and poor medical facilities.
Further research is required to identify ways to prevent the risk of symptomatic UTI associated with an externalized NU catheter after its removal.
